Rapid NOS-1-derived nitric oxide and peroxynitrite formation act as signaling agents for inducible NOS-2 expression in vascular smooth muscle cells.
Septic vascular dysfunction is characterized by hypotension and hyporeactivity to vasoconstrictors and nitric oxide (NO), reactive oxygen species and peroxynitrite have a prominent role in this condition. However, the mechanism whereby the vascular dysfunction is initiated is poorly understood. Based on previous studies of our group and the literature,we hypothesize that constitutive nitric oxide synthases (c-NOS) and peroxynitrite may play a role in the development of septic vascular dysfunction. Bacterial lipopolysaccharide (LPS) and interferon-γ (IFN) were used to stimulate rat aorta smooth muscle cells (A7r5) and rat aorta slices. This stimulation led to a rapid (within minutes) production of NO and superoxide anion, which led to peroxynitrite formation. When this rapid initial burst was reduced, through the inhibition of c-NOS and NADPH oxidases (NOX) or the scavenging of NO and superoxide the NF-κB activation, NOS-2 expression and nitrite production were significantly attenuated. Although vascular smooth muscle cells express both c-NOS isoforms, gene knockdown revealed that only NOS-1-dependent NO and peroxynitrite formation are important for the later NOS-2 expression. Similar findings were obtained by knockdown NOX-1 gene, one source of superoxide for peroxynitrite formation. Taking together, we show that smooth muscle cell activation by LPS/IFN leads to a rapid formation of NOS-1-derived NO and NOX-1-derived superoxide, forming peroxynitrite; and that this species act as a trigger for NOS-2 expression through NF-κB activation. Therefore, our findings suggest a critical role for NOS-1 and NOX-1 in the initiation of the vascular dysfunction associated with sepsis and septic shock.